The cell membrane of Mycopfasma mobile was isolated by either ultrasonic or French press treatment of intact cells. The membrane fraction contained all of the cellular lipids, but only onethird of cellular proteins and had a density of 1.14 g ml-l. The soluble fraction contained the NADH dehydrogenase activity of the cells, as well as a protein with an apparent molecular mass of 55 kDa that was phosphorylated in the presence of ATP. Lipid analyses of M . mobile membranes revealed that membrane lipid could be labelled by radioactive glycerol, oleate and to a much higher extent by palmitate but not by acetic acid. The membrane lipid fraction was composed of 54% neutral and 46% polar lipid. The major constituents of the neutral lipid fraction were free fatty acid, free cholesterol and cholesterol esters (45,25 and 20%, respectively, of total neutral lipid fraction). The free cholesterol count was 13% (w/w) of total membrane lipids with a cholesterol :phospholipid molar ratio of about 0.9. Among the polar lipids, both phospho-and glycolipids were detected. The phospholipid fraction consisted of a major de novosynthesized phosphatidylglycerol ( -63 % of total phospholipids), plus exogenous phosphatidylcholine and sphingomyelin incorporated in an unchanged form from the growth medium. The glycolipid fraction was dominated by a single glycolipid (-90% of total glycolipids) that was preferentially labelled by palmitic acid and showed a very high saturated :unsaturated fatty acids ratio.
INTRODUCTION
Mycoplasma sp. strain 163K was recently isolated from the gills of a tench (Tinca tinca L.) with red disease. On the basis of its metabolic, serological and biochemical characteristics, it was classified as a new species, MycopZasma mobile (Kirchhoff et al., 1987) . This organism has a peculiar flask-like shape with a distinct head-like structure and shares several features with other flask-shaped mycoplasmas (e.g. Mycoplasma gallisepticum and Mycoplasma pneumoniae), including the ability to adhere to inert surfaces and living cells and to show a gliding motion in the absence of locomotive organelles (Fischer et al., 1987; . Very little is known about the mechanisms of adherence and gliding motility, or of the components that determine the unique structural characteristics of these organisms. In the absence of a rigid cell wall (Razin, 1978) , the interaction of mycoplasmas with the surrounding environment must occur via the cell membrane. Furthermore, it is reasonable to assume that membrane components are involved in both shape-determining and gliding mechanisms. Therefore, the characterization of the cell membrane of M . mobile is potentially of mixture containing 1 mg sodium deoxycholate ml-I . Results were expressed as the decrease in absorbance at 340 nm min-' (mg protein)-'.
Lipid analysis. Lipids were extracted by the method of Bligh &Dyer (1969) , for 1 h at room temperature, then at 4°C overnight with constant shaking. Neutral lipids were separated from polar lipids by silicic acid chromatography. Neutral lipids were eluted with 20 bed vols chloroform. The column was then eluted with 10 bed vols chloroform/methanol (1 : 1, v/v) for the polar lipids. In some cases, after neutral lipids were eluted, the column was eluted with 10 bed vols acetone (to elute glycolipids) followed by 10 bed vols chloroform/methanol(2 : 1, v/v) to elute the phospholipids. The lipid fractions were evaporated to dryness under a stream of nitrogen and redissolved in chloroform. Neutral lipids were chromatographed on silica gel G plates (20 cm x 20 cm), developed at room temperature in benzene/diethyl ether/ethanol/acetic acid (50 :40 :2 :0.2, by vol.), allowing the solvent front to move 14 cm from the bottom and followed by hexane/diethyl ether (94 : 6, v/v) to 19 cm from the bottom of the plate. Polar lipids were separated on silica gel plates (DC Fertigplatte, Kieselgel 60; Merck) developed at 4°C in chloroform/methanol/water (65 : 25 :4, by vol.). Lipid spots were detected by iodine vapour, phospholipid spots by the molybdate spray reagent (Dittmer & Lester, 1964) , glycolipids by the anthrone reagent (van Just et al., 1973) , and the glycol-containing lipids by the periodate-Schiff reagent (Shaw, 1968) . The lipid spots were scraped off the plate and analysed for radioactivity and phosphorus.
. Fatty acid analysis. For fatty acid analysis, methyl esters of fatty acids were prepared by the BF,-methanol method (Rottem, 1983 ) and subjected to gas-liquid chromatography (GLC) in a Packard model 437 chromatograph equipped with a polar column (100 x 0.2 cm, packed with 10% SP 2330 on lOO/l20 mesh Chromosorb W-HP from Supelco). Fatty acid methyl esters were identified by their retention times relative to those obtained with standard mixtures of fatty acid methyl esters (Supelco).
Antigenic cross-reacticity. This was determined as previously described (Zilberstein et a/., 1986) gallisepticum cells in the absence of an energy source was suggested to be due to the inward diffusion of Na+ into the cells as a result of Gibbs-Donnan forces generated by the intracellular anionic macromolecules (Rottem et al., 1981) . The Na+ diffusion is followed by water uptake, which results in cell swelling. However, in the presence of an energy source (e.g. glucose) M . gallisepticum cells do not swell, apparently due to the extrusion of Na+ by a dicyclohexylcarbodiimide (DCCD)-sensitive ATPase (Shirvan et al., 1987) . Therefore, treating M . gallisepticumcells with DCCD induces swelling even in the presence of glucose. Such treatment did not induce cell swelling of M . mobile (Fig. 1) . It has been suggested that the permeation of Na+ through the cell membrane of M . gallisepticum is due to the existence of segregated fluid and solid lipid domains in the membrane (Rottem & Verkleij, 1982) . Such domains are the result of the accumulation of disaturated phosphatidylcholine (PC), formed by modifying exogenous PC incorporated from the growth medium (Rottem & Markowitz, 1979) , and provide the sites for increased permeation of small solutes ( Blok et al., 1975) . The absence of detectable cell swelling of M . mobile in isoosmotic NaCl solution suggests, therefore, that the cell membrane of M . mobile is much less permeable to Na+ and that this might be related to a lack of disaturated PC. Indeed, whereas all the flask-shaped mycoplasmas analysed so far, including M . pneumoniae, M . pulmonis and M . gallisepticum, share the unique biochemical property of an extensive incorporation of PC from the growth media and its modification into a disaturated phospholipid species (Rottemet al., 1986) , the PC is incorporated by M . mobile from the growth medium in an unchanged form and to a very low extent (about 10% of total phospholipids, see Table 3 ).
Isolation and characterization of M . mobile membranes
Due to the osmotic stability of M . mobile, the study of the cell membrane has been hampered by the lack of an efficient method to isolate purified membrane preparations. Table 1 shows basic biochemical characteristics of two membrane preparations obtained by ultrasonic and French press treatments of washed M . mobile cells. The isolated membranes contained about 33% of total cell protein and practically all lipids present in intact cells. This resulted in an increase in the labelling intensities of the membrane preparations (Table 1 ) and a density of 1.14 g ml-I . Membranes isolated from low-passage M . mobile cells (passage no. 11) were practically identical to membranes isolated from high-passage cells (passage no. 252). The extremely low initial swelling rate of the membrane preparations in isoosmotic erythritol solution (Table 1 ) and the inability of these membranes to retain protons (not shown) strongly suggest that M . mobile membranes are unsealed. Sealed M . mobile vesicles were, however, obtained by fusing membrane fragments with azolectin cholesterol vesicles. This was done by freezing and thawing followed by brief sonication treatment as previously described (Cirillo et al., 1987) . The membrane preparations totally lacked the soluble NADH dehydrogenase activity found in intact M . mobile cells (Table 1) (Zilberstein et al., 1986) , M . mobile possesses an F1 F,-proton-translocating ATPase. As the membrane yields obtained by the French press procedure were high, with very little variation between batches, and both the labelling intensity and the ATPase activity of the French press membrane preparation were higher than those of membrane preparations obtained by ultrasonic treatment, the French press procedure is the more gentle and therefore was used subsequently throughout this study.
Protein phosphorylation by M . mobile Incubation of M . mobile whole-cell lysate with [y3*P]ATP resulted in the phosphorylation of a single polypeptide band with an apparent molecular mass of 55 kDa (Fig. 2) . The extent of phosphorylation was almost the same whether whole-cell lysate or the soluble fraction, obtained after the removal of the cell membranes, was utilized (results not shown). However, phosphorylation was not observed in reaction mixtures containing isolated membrane preparation instead of the soluble fraction. A similar soluble 55 kDa protein that undergoes reversible phosphorylation has recently been described in M . gallisepticum (Platt et al., 1988) and other flask-shaped Mycoplasma and Spiroplasma species (M. W. Platt & S. Rottem, unpublished results) . This protein, in its dephosphorylated form, was attached preferentially to membrane fragments and it was therefore proposed that the reversed phosphorylation may be involved in establishing and/or controlling the unique morphology of the flask-shaped Mycoplasma and Spiroplasma species (Platt et al., 1988) . Table 2 shows that labelled fatty acids as well as labelled glycerol from the growth medium were incorporated into lipids of M. mobile cells. However, [ 4C]acetate was not incorporated, suggesting that, like other sterol-requiring mycoplasmas and unlike the Acholeplasma species (Rottem, 1980; Smith, 1979) , M . mobile is unable to utilize acetate for lipid biosynthesis. (Rottem, 1980) .
Incorporation of lipid precursors into M . mobile cells

The neutral lipid fraction of M . mobile membranes
Quantitative analysis of M . mobile membrane lipids revealed that about 54% (w/w) of the lipids were eluted from a silicic acid column by chloroform and hence comprised the neutral lipids. This fraction contained 25 % free cholesterol, 20% esterified cholesterol, 45 % free fatty acids and 10% glycerides (mainly diglycerides). The free cholesterol :phospholipid molar ratio in M . mobile was about 0.9, similar to that observed in other Mycoplasma species (Rottem, 1980; Smith, 1971) . Nevertheless, as phospholipids comprise only about 55% (w/w) of the polar lipid fraction of M . mobile, the free cholesterol level found in this organism was only about 13% of total membrane lipids. In other sterol-requiring mycoplasmas, cholesterol levels of 25-30 % were described (Rottem, 1980) . The high content of free fatty acids initially suggested a potent endogenous phospholipase activity. However, their undiminished presence under conditions minimizing endogenous phospholipase activity, such as extraction of the lipids directly from whole cells instead of membranes, renders it more likely that most of the fatty acids are incorporated as such from the growth medium. Furthermore, incubating [ l4C]oleate-labe1led intact cells, or cells disrupted by sonication, at 37 "C for up to 2 h failed to show the release of radioactive fatty acids into the free fatty acid fraction. These cell preparations were incubated in a mixture previously utilized for the detection of endogenous phospholipases in mycoplasmas (Rottem et al., 1986) . When cells were grown with radioactive fatty acid, the label in the neutral lipid fraction was found exclusively in the free fatty acid fraction, reaching 60-80% of the total fatty acids incorporated. Since the addition of the radioactive fatty acids failed to label the cholesterol esters, it is apparent that the esters are not synthesized by the organism but are incorporated as such from the growth medium.
The polar lipid fraction of M . mobile membranes About 46% (w/w) of the total membrane lipids of M . mobile were eluted from the silicic acid column with chloroform/methanol (1 : 1, v/v) and hence constitute the polar lipids. TLC of the polar lipid fraction on silica gel plates revealed that the polar lipid fraction consisted of six major spots designated A-F (Table 3) . When the cells were grown with a radioactive fatty acid, only four spots were labelled, with over 95% of the radioactivity recovered in three of these spots (spots C, D and F). Of the three labelled spots, spots C and D reacted with the molybdate reagent used to detect phosphorus-containing lipids, had a positive periodate/Schiff reaction and comigrated with standards of phosphatidylglycerol (PG) and diphosphatidylglycerol (DPG). Accordingly, these compounds were tentatively identified as PG (spot C) and DPG (spot D). Compound F did not react with the molybdate reagent but reacted with the anthrone reagent which detects glycolipids. PC and sphingomyelin (SPM), incorporated in significant amounts by many Mycoplasma species (Rottem, 1980) , were taken up by M . mobile to a very low extent, reaching levels of 7.3 and 11-4%, respectively, of total lipid phosphorus. Table 3 also shows that whereas the phospholipids, PG and DPG, incorporated both [ 14C]palmitate and [ 14C]oleate, the glycolipid (spot F) was intensely labelled by radioactive palmitate but very slightly by radioactive oleate. This was also reflected in the fatty acid profile of the phospho-and glycolipid fractions ( Table 4) . The phospho-and glycolipids were obtained by silicic acid chromatography of the polar lipid fraction. About 45% (w/w) of the polar lipid fraction was eluted from the silicic acid column with acetone and hence constituted the glycolipid fraction. The residual 55% was eluted with chloroform/methanol (1 : 1, v/v) and hence consisted of phospholipids. The dominant lipid in the phospholipid fraction of M . mobile was PG. It appears that the synthesis of PG as the major membrane phospholipid is a property shared by many mycoplasmas (Rottem, 1980; Smith, 1979) . The glycolipid fraction contained a single glycolipid (Table 3 , spot F).
Glycolipids are major components of Acholeplasma species and have been detected in many fermentative Mycoplasma species (Smith, 1979) . The radical difference in the fatty acid composition of the phospho-and glycolipid fractions of M . mobile may be regarded as our most salient finding. While the phospholipid fraction contained both saturated and unsaturated fatty acids, the fatty acids predominating in the glycolipid fraction were saturated fatty acids ( Table  4) . The preferential use of saturated fatty acids for glycolipid biosynthesis accounts for the much higher labelling intensity of the cells when grown with [l4C]palrnitate than with [14C]oleate. It was previously suggested that the flask-shaped mycoplasmas share a unique biochemical property, the presence of disaturated lipid components (Rottem et al., 1986) . In M . gallisepticum, M . pulmonis and M . pneumoniae, the major disaturated lipid component is a PC, incorporated from the growth medium and modified by a deacylation-reacylation enzymic sequence to give a disaturated species (Rottem & Markowitz, 1979 
